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ThermodynamicsAbstract The sorption characteristic of Ni (II) from aqueous solution using formaldehyde treated
waste tea leaves as a low cost sorbent has been studied. The effect of pH, contact time, sorbent dose,
initial metal ion concentration and temperature were investigated in batch experiments. The equi-
librium data were ﬁtted into four most common isotherm models; Freundlich, Langmuir, Tempkin
and Dubinin–Radushkevich (D–R). The Langmuir model described the sorption isotherm best with
maximum monolayer sorption capacity of 120.50 mg g1. Four kinetic models, pseudo-ﬁrst-order,
pseudo-second-order, intraparticle diffusion and Elovich were employed to explain the sorption
mechanism. The kinetics of sorption data showed that the pseudo-second-order model is the best
with correlation coefﬁcient of 0.9946. The spontaneous and exothermic nature of the sorption pro-
cess was revealed from thermodynamic investigations. The effect of some common alkali and alka-
line earth metal ions were also studied which showed that the presence of these ions have no effect
on the sorption of Ni (II). The results showed that waste tea leaves have the potential to be used as a
low cost sorbent for the removal of Ni (II) from aqueous solutions.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
The natural environment received a high volume of wastewater
containing heavy metals as a result of increase in industrial
activities. Due to toxicity, accumulation in food chain and per-sistence in nature, heavy metals pose a signiﬁcant threat to
public health and environment. The most immediate concern
of heavy metals include lead, cadmium, zinc, nickel, cobalt,
chromium, copper and mercury according to the World Health
Organization (WHO). The efﬂuents of various industries like
electroplating, ceramic, metallurgy, mining, stainless steel,
pigments, enameling, porcelain and accumulator manufactur-
ing of nickel contain undesirable amount of nickel ions
(Patmavathy et al., 2003; Hasar, 2003; Villaescusa et al.,
2004; Aksu, 2002). The trace amount of nickel is beneﬁcial
due to the activation of some enzymatic systems but higher in-
take than the permissible level causes various diseases like lung
cancer, pulmonary ﬁbrosis, skin dermatitis, renal edema, diar-
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the Water Sanitation and Hygiene (WSH) under the World
Health Organization (WHO), the permissible concentration
of Ni (II) as insoluble compounds of Ni (II), soluble com-
pound of Ni (II), nickel carbonyl, nickel sulphide are 1.0,
0.1, 0.05–0.12 and 1.0 mg L1 respectively (Xuan et al., 2006;
Zafar et al., 2007; Aksu, 2002; Padmavathy, 2008; Dahiya
et al., 2008; Sud et al., 2008; Lothongkum et al., 2009). Re-
moval of heavy metals from wastewater is very important for
the protection of environment and public health before going
to natural water because of its toxicity.
A variety of traditional methods have been employed for
the removal of heavy metals from aqueous solutions such
as ion exchange, reverse osmosis, ﬁltration, solvent extrac-
tion, evaporation, electrochemical treatment, chemical oxida-
tion or reduction, chemical precipitation, and membrane
technologies (Rio et al., 2002; Gupta et al., 2003; Remoudaki
et al., 2003; Zhao et al., 2005; Sharma et al., 1991; Yan and
Viraraghavan, 2001). These technologies may not be applica-
ble to small industries due to their high capital investment
and running costs especially in developing and under devel-
oped countries. Another major disadvantage associated with
these methods is the production of toxic chemical sludge
and its disposal/treatment becomes an expensive matter and
is not environment friendly. Therefore, it is necessary to re-
move heavy metals from aqueous solution and bring their
concentrations to permissible level using cost effective and
eco-friendly methods (Aksu, 2002; Ahluwalia and Goyal,
2007; Ergtugay and Bayhan, 2008; Shah et al., 2012). One
of the most promising methods used for the removal of heavy
metals is the biosorption which based on the binding and
concentration of metals on the surface of inactive/dead bio-
mass from even very dilute aqueous solutions. Biosorption
has many advantages over other traditional methods; it effec-
tively reduces the concentration of heavy metals to very low
levels and the use of cost effective biosorbents. Recently, a
variety of biological materials have been investigated for
the removal of Ni (II) such as spent animal bones (Al-Asheh
et al., 1999), crab shell (Vijayaraghavan et al., 2004), acti-
vated carbon prepared from almond husk (Hasar, 2003),
dried aerobic activated sludge (Aksu and Akpınar, 2000) loo-
fa sponge-immobilized biomass of Chlorella sorokiniana
(Akhtar et al., 2004) and seaweeds (Vijayaraghavan et al.,
2005).
Tea is the dried and processed leaves of plant species
Camellia sinensis (Mokgalaka et al., 2004). Many people of
the world consumed and considered it the second most popular
beverage in the world after water. On industrial scale, canned
or bottled tea drinks and instant tea drinks are produced by
hot water extraction of tea leaves. The producers faced serious
problems of disposal of these used tea leaves after extraction.
There is a need to utilize such waste product for the treatment
of wastewater containing heavy metals. The waste tea leaves
was used for removal of heavy metals like Zn, Ni, Fe, Pb,
Cu (Ahluwalia and Goyal, 2005); Amarasinghe and Willims,
2007; Modal, 2009). But main problem with the use of
biosorbent is leaching of organic compounds. The method to
prevent leaching and increase effectiveness of biosorbent is
treatment with formaldehyde solution. Formaldehyde is used
for preservation of animal and plant tissues, which increasestability of the material. As well as formaldehyde react with
the hydroxyl group of biomass material to form acetyl groups
and increase the structural stability of the biomass. Formalde-
hyde treatment of Sargassum biosorbent increased the metal
ion capacity of Ni (II) at pH 5–71.6 mg g1 (Chen and Yang,
2005). The effect of formaldehyde pretreatment on Ni (II)
sorption using waste tea leaves has not been studied. There-
fore, the aim of the present work is to evaluate the sorption
capacity of formaldehyde treated waste tea leaves for Ni (II)
from aqueous solutions.2. Materials and methods
2.1. Instruments
Atomic absorption spectrophotometer (Perkin Elmer model
AA200), Orbital Shaker (Model OS-340C, Digisystem labora-
tory instrument Inc. Made in Taiwan ROC), Analog pH meter
(Model-7020 Kent Industrial Measurement Limited Electronic
Instrument LTD, Chertsey Survey England), Fourier Trans-
form Infrared Spectrophotometer (NICOLET 380-FTIR,
Thermoscientiﬁc, UK) and thermostatic water bath (Yu Jia,
China) were used during this work.
2.2. Chemicals and reagents
All chemicals and reagents used were of analytical reagent
grade purity. 1000 lg mL1 nickel standard solution (Merck
Darmstadt, Germany) was used. Working standards were pre-
pared from suitable serial dilution of stock solution. Britton
Robinson buffer was used for the adjustment of pH of
solutions.
2.3. Preparation of sorbent
Waste tea leaves were collected in bulk from local tea shops,
washed with distilled water to remove any dirt, dried, crushed
and powdered. The powdered leaves were sieved to obtain a
particle size <355 lm. A weighed amount of uniform sized
waste tea leaves (10 g) was transferred in a beaker (250 mL)
and added 100 mL of 0.4% formaldehyde solution, thoroughly
mixed and kept for 24 h at room temperature. The tea leaves
were ﬁltered and washed several times with distilled water until
the water was colorless. After ﬁltration, waste tea leaves were
dried in an oven at 60 C till constant weight and stored in an
air tight bottle for further use. The BET surface area
(636.023 m2 g1) was determined by surface area analyzer
(Quantachrome model, QS-7).2.4. Sorption study
Batch sorption experiments were conducted for Ni (II) by mix-
ing known weights (0.1 g) of formaldehyde treated waste tea
leaves and 50 mL of Ni (II) solution in the concentration range
of 1–150 lg mL1. The pH of the solution was adjusted with
Britton Robinson buffer of pH 7.0. The mixture was shaken
on an orbital shaker for 30 min at 100 rpm for complete equil-
ibration of metal ions. After equilibration time, waste tea
leaves were separated by ﬁltration and the residual concentra-
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absorption spectrophotometer (Perkin Elmer model AA200)
with air–acetylene ﬂame.
Sorption capacity of Ni (II) (qe) and percent sorption was
calculated according to the following general equation:
qe ¼
Ci  Cf
m
 
V ð1Þ
% Sorption ¼ Ci  Cf
Ci
 
 100 ð2Þ
where qe is the amount of Ni (II) sorbed on the sorbent
(mg g1), Ci and Cf represent the initial and equilibrium con-
centrations of Ni (II), respectively; V is the volume of Ni (II)
solution (mL) and m is the amount of sorbent (g).
3. Results and discussion
3.1. Characterization of waste tea leaves
In order to identify the functional groups of waste tea leaves
washed with distilled water and treated with 0.4% formalde-
hyde, FTIR spectra was recorded in the frequency range from
600 to 4000 cm1 and are shown in Fig. 1a and b respectively.
The spectrum shows a number of peaks due to absorption of
different functional groups present on tea leaves. The FTIR
spectra of both samples indicated broad spectra in the range
of 3340–3380 cm1 due to –OH groups. The bands at about
2920–2850 cm1 could be assigned to aliphatic C–H groups.
A peak at 1610 cm1 could be due to the carbonyl group of
carboxyl and the peak observed at 1558–1520 cm1 assigned
to the secondary amine groups. At 1456 cm1, symmetric
bending of CH3 is observed. The peaks at 1242 cm
1 and
1157 cm1 could be due to –SO3 stretching and C–O stretching
of ether groups, respectively. Comparing the IR spectra of
both sorbent materials, functional group intensity remains
the same in water washed and formaldehyde (0.4%) treatedFigure 1a IR spectrum of watwaste tea leaves. For further analysis formaldehyde treated
waste tea leaves were used.3.2. Effect of pH
The pH of solution affects the surface charge of waste tea
leaves. Therefore, it is important to study the effect of solution
pH on the sorption process. The pH of Ni (II) solution for
sorption process was varied from 3.0 to 8.0 and the results
are shown in Fig. 2. At pH 3–4 range the sorption is very
low and rapidly increases from pH 4 to 7 with increase in
uptake from 11.2% to 70.2%. At lower pH, the % uptake is
lower due to H+ ion present in the solutions, which compete
with Ni (II) for active sites on the sorbent causing a decrease
in the % uptake of Ni (II) but as pH increased from 4.0 to
7.0 the surface of tea leaves becomes negatively charged which
leads to higher uptake of Ni (II) through electrostatic attrac-
tion. Decrease in sorption was observed due to formation of
metal hydroxide precipitate at pH > 7. Therefore pH 7 was se-
lected as optimum pH for sorption of Ni (II) on waste tea
leaves.3.3. Effect of contact time
Effect of contact time on the sorption of Ni (II) on waste tea
leaves with shaking and without shaking was investigated.
The contact time was varied from 30 to 100 min (Fig. 3). A
steady increase in % uptake was observed with increase in con-
tact time. In the beginning of sorption process, the sorption
sites are open and Ni (II) interacts easily with the sites and
therefore greater sorption is observed. Further it was also ob-
served that with shaking greater uptake was occurred for the
same equilibration time in contrast to the samples without
shaking. At 90 min contact time 82% uptake of Ni (II) was ob-
served with shaking as compared to 72% uptake without
shaking.er washed waste tea leaves.
Figure 1b IR spectrum of formaldehyde (0.4%) treated waste tea leaves.
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Figure 2 Effect of pH on sorption of Ni (II) using waste tea
leaves (initial concentration of Ni (II) 5 lg mL1, pH 3.0–8.0,
sorbent dose 0.1 g, contact time 30 min at room temperature).
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Figure 3 Effect of contact time on sorption of Ni (II) using
waste tea leaves (initial concentration of Ni (II) 5 lg mL1, pH
7.0, sorbent dose 0.1 g, contact time 30–100 min at room
temperature).
304 J. Shah et al.3.4. Effect of sorbent dose
Sorbent dose is an important factor which affects the sorption
process. Generally, as the sorbent dose increases the sorption
also increases due to availability of the sorption sites for metal
ions binding. Therefore the effect of sorbent dose on sorption
of Ni (II) was studied and the amount of sorbent was varied
from 0.03 to 0.15 g (Fig. 4). Initially, the sorption sites are
occupied by available metal ions and no further sorption occur
due to non-availability of sorption sites. As the sorbent dose
increases from 0.03 to 0.15 g, the sites for sorption also in-
crease and 100% uptake was achieved at 0.13 g of sorbent. Be-
cause at higher sorbent dose Ni(II) concentration decrease to a
very lower value and the sorption process reaches equilibrium
indicating the sorption sites still unsaturated. Therefore further
studies were carried out with 0.13 g of sorbent dose.92
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Figure 4 Effect of sorbent dose on sorption of Ni (II) using
waste tea leaves (initial concentration of Ni (II) 5 lg mL1, pH
7.0, sorbent dose 0.03–0.15 g, contact time 30 min at room
temperature).
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Figure 5 Freundlich isotherm for sorption of Ni (II) using waste
tea leaves (initial concentration of Ni (II) 1–150 lg mL1, pH 7.0,
sorbent dose 0.13 g, contact time 90 min at room temperature).
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Figure 6 Langmuir isotherm for sorption of Ni (II) using waste
tea leaves (initial concentration of Ni (II) 1–150 lg mL1, pH 7.0,
sorbent dose 0.13 g, contact time 90 min at room temperature).
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Figure 7 Tempkin isotherm for sorption of Ni (II) using waste
tea leaves (initial concentration of Ni (II) 1–150 lg mL1, pH 7.0,
sorbent dose 0.13 g, contact time 90 min at room temperature).
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Figure 8 Dubinin–Radushkevich (D–R) isotherm for sorption
of Ni (II) using waste tea leaves (initial concentration of Ni (II) 1–
150 lg mL1, pH 7.0, sorbent dose 0.13 g, contact time 90 min at
room temperature).
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The sorption systems were designed by using sorption isotherm
models. These models provide a relationship between the
amount of Ni (II) sorbed on the sorbent and the concentration
of Ni (II) in solution at equilibrium. The sorption isotherms of
Ni (II) on sorbent were studied by four most commonly used
isotherms models, Freundlich, Langmuir, Tempkin and Dubi-
nin-Radushkevich (D-R) isotherms. The Freundlich isotherm
is used for non-ideal sorption on heterogeneous surfaces and
is expressed by the following equation:
qe ¼ KFC
1
n
e ð3Þ
The linear form of Freundlich equation is given below:
log qe ¼ logKF þ
1
n
logCe ð4Þ
where KF is the Freundlich sorption isotherm constant
(mg g1), 1/n (g L1) is a measure of the sorption intensityand qe is the amount sorbed (mg g
1) and Ce is the equilibrium
concentration (lg mL1).
The Langmuir isotherm is used for monolayer sorption on
a homogeneous surface and is expressed by the following
equation:
qe ¼
KLCe
1þ aLCe ð5Þ
In a linear form, it is expressed as follows:
Ce
qe
¼ 1
KL
þ aLCe
KL
ð6Þ
where Ce is the equilibrium concentration (lg mL
1), qe is the
amount of solute sorbed per gram of sorbent; KL and aL are
the Langmuir sorption isotherm constants and are related
to the maximum capacity (L g1) and bonding strength
(L mg1) respectively. The theoretical monolayer capacity is
Qo and is numerically equal to KLaL
1.
Table 1 Comparison of various isotherm
constants for the sorption of Ni (II) on waste
tea leaves.
Isotherm Value
Freundlich
KF (mg g
1) 19.22
n 0.946
1/n 1.056
R2 0.9263
Langmuir
aL (L mg
1) 0.354
KL (L g
1) 42.73
Qo (mg g
1) 120.5
R2 0.9405
Tempkin
AT 11.49
BT 17.36
bT 11.97
R2 0.9030
Dubinin–Radushkevich
Qm (mg g
1) 81.57
K 2 · 105
E (kJ mol1) 0.158
R2 0.7725
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takes into account sorbing species–sorbate interactions. This
model assumes that: (i) heat of sorption of all molecules in
the layer decreases linearly with coverage due to sorbate–
sorbate interactions and (ii) sorption is characterized by a uni-
form distribution of binding energies, up to some maximum
binding energy. The derivation of the Tempkin isotherm as-
sumes that the fall in the heat of sorption is linear rather than
logarithmic, as implied in the Freundlich equation. The Temp-
kin isotherm has commonly been applied in the following
form:
qe ¼
RT
bT
lnðATCeÞ ð7Þ
The linear form of this isotherm is as
qe ¼ BTlnAT þ BTlnCe ð8Þ
where BT = (RT)/bT, T is the absolute temperature in Kelvin
and R is the universal gas constant, 8.314 J/mol K. The con-
stant bT is related to the heat of sorption. The sorption data
were analyzed using the linear form of Tempkin isotherm.
The Dubinin–Radushkevich (D–R) isotherm model was ap-
plied for estimation of porosity, apparent free energy and char-
acteristic of sorption. The D–R isotherm does not assume a
homogeneous surface or constant sorption potential and it
has commonly been applied in the following form:
qe ¼ QmexpðKe2Þ ð9Þ
The linear form of D–R isotherm is as:
lnqe ¼ lnQm  Ke2 ð10Þ
where K is a constant related to the sorption energy, Qm the
theoretical saturation capacity, e is the Polanyi potential can
be calculated from the following equation:
e ¼ RT ln 1þ 1
Ce
 
ð11Þ
The values of K (mol2 (kJ2)1) and Qm (mg g
1) were calcu-
lated from the slope and intercept of the plot of ln qe against e
2
respectively. The mean free energy of sorption (E), deﬁned as
the free energy change when one mole of ion is transferred
from inﬁnity in solution to the surface of the sorbent, was cal-
culated from the K value using the following equation:
E ¼ 1ﬃﬃﬃﬃﬃﬃ
2K
p ð12Þ
Various constant values calculated from the D–R isotherm
model. The results of these isotherms are shown in Figs. 5–8
respectively. The constant parameters of these isotherms were
calculated from slope and intercept of the linear form of their
respective equations and are given in Table 1. The n value of
the Freundlich model shows that Ni (II) is not sorbed favor-
ably on waste tea leaves because it is less than unity. Maximum
sorption capacity was calculated from the linear form of Lang-
muir isotherm and was found to be 120.5 mg g1. It may be
concluded from these results that the sorption data of Ni (II)
on waste tea leaves shows best ﬁt into Langmuir isotherm
model due to high correlation coefﬁcient (R2 = 0.9405). It
can be seen from the table that the data not followed the
Tempkin isotherm model due to low correlation coefﬁcient.
The value of correlation coefﬁcient for D–R model is very
small as compared to the other models, suggesting that thedata is not ﬁtted into D–R isotherm model. Moreover, the
value of Qm, calculated from the D–R model is not close to
the value of maximum sorption capacity calculated from the
Langmuir isotherm model.
3.6. Sorption kinetics
Four common kinetic models that are pseudo-ﬁrst-order, pseu-
do-second–order, intraparticle diffusion and Elovich equations
were used for sorption kinetics of Ni (II) on waste tea leaves.
The model for pseudo-ﬁrst-order is expressed as follow:
logðqe  qtÞ ¼ log qe 
K1t
2:303
ð13Þ
where qe is the amount of metal ion sorbed (mg g
1) at equilib-
rium, qt is the amount of metal ions sorbed (mg g
1) at any gi-
ven time (min) and K1 is the pseudo-ﬁrst-order reaction rate
constant for sorption (min1). The model for pseudo-second-
order is as:
t
qt
¼ t
qe
þ 1
K2q2e
ð14Þ
where qe is the amount of metal ion sorbed (mg g
1) at equilib-
rium, qt is the amount of metal ions sorbed (mg g
1) at any gi-
ven time (min) and K2 is the pseudo-second-order reaction rate
constant for sorption (g mg1 min1).
A linear plot of time against log(qe  qt) was plotted for the
determination of rate constant and sorption capacity for pseu-
do-ﬁrst-order. The results are shown in Fig. 9. The pseudo-sec-
ond-order model is given in Eq. (14) and was obtained by
plotting time (t) versus t/qt. The results are shown in Fig. 10.
Similarly, the constant values of ﬁrst order kinetics K1, qe,
R2 and the second order kinetics K2, qe and R
2 were calculated
from the slope and intercept of each model respectively and are
given in Table 2. It was observed that the correlation
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Figure 10 Pseudo-second-order kinetics of Ni (II) uptake using
waste tea leaves (sorbent dose 0.13 g, initial concentration of Ni
(II) 5 lg mL1, volume of Ni (II) solution 10 mL, pH 7.0).
Table 2 Kinetic parameters of Ni (II) sorption on waste tea
leaves.
Model Parameters Values
Pseudo-ﬁrst order kinetics
qe (mg g
1) (exp) 8.213
k1 (min
1) 0.026
qe (mg g
1) 4.880
R2 0.9856
Pseudo-second order kinetics
k2 (g mg
1 min1) 0.005
qe (mg g
1) 9.800
R2 0.9946
Intraparticle diﬀusion model
Kint (mg g
1 s/2) 1.537
C 3.499
R2 0.9997
Elovich model
a (mg g1 min1) 4.390 · 1035
b (g mg1) 0.178
R2 0.9924
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Figure 11 Intraparticle diffusion model of Ni (II) uptake using
waste tea leaves (sorbent dose 0.13 g initial concentration of Ni
(II) 5 lg mL1, volume of Ni (II) solution 10 mL, pH 7.0).
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Figure 9 Pseudo-ﬁrst-order kinetics of Ni (II) uptake using
waste tea leaves (sorbent dose 0.13 g, initial concentration of Ni
(II) 5 lg mL1, volume of Ni (II) solution 10 mL, pH 7.0).
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than the ﬁrst order model. This suggests that the sorption
might be controlled by second-order-model.
During sorption process, different steps occurs like in the
ﬁrst step sorbate (Ni) ions are transferred from aqueous media
to the surface of sorbent (waste tea leaves) while in second step
the diffusion of sorbate ions into pores of sorbent taken place.
There is a possibility that the controlling step is the transfer-
ring of sorbate from solution into pore of sorbent if the exper-
iments are carried out in batch system with shaking of the
reaction mixture. For checking of this possibility a graph of
sorption capacity at time t (qt) against square root of time
(t1/2) is plotted. The results are shown in Fig. 11.
Intraparticle diffusion is a kinetic model which is related to
the transfer of Ni (II) from its aqueous media to the pores of
sorbent. This model is generally expressed by the following
equation:
qt ¼ Kintt1=2 þ C ð15Þ
where C is the intercept and related to the thickness of the
boundary layer and Kint (mol L
1 min1/2) is the intraparticle
diffusion rate constant. The values of these constants were cal-
culated directly from the intercept and slope of the graph and
are given in Table 2. Form Fig. 12 it can be seen that the plot0
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Figure 12 Elovich model of Ni (II) uptake using waste tea leaves
(sorbent dose 0.13 g, initial concentration of Ni (II) 5 lg mL1,
volume of Ni (II) solution 10 mL, pH 7.0).
Table 3 Thermodynamic parameters for the sorption of Ni
(II) on waste tea leaves.
Temperature
(K)
DG
(kJ mol1)
DH
(kJ mol1)
DS
(kJ K1 mol1)
313 30.440 23.680 0.022
323 31.090 – –
333 31.830 – –
343 31.480 – –
353 31.870 – –
363 31.560 – –
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1/2 is not passing through the origin which indi-
cates that intraparticle diffusion is not the controlling step dur-
ing sorption of Ni (II) on waste tea leaves and some other
mechanisms are involved.
The Elovich kinetic equation is used to describe the kinetics
of chemisorption on heterogeneous surfaces and is given as
follows:
qt ¼
1
b
lnðabÞ þ 1
b
lnðtÞ ð16Þ
where qt is the amount of Ni (II) sorbed (mol L
1) at time (t), a
and b are known as the Elovich coefﬁcients, a represents the
initial sorption rate (mol L1 min1) and b is related to the ex-
tent of surface coverage and activation energy for chemisorp-
tion (g min1) respectively. The Elovich coefﬁcients were
calculated from the linear plot of qt versus ln t (Fig. 12). The
results from kinetic models shows that experimental data ﬁtted
well to the pseudo-second-order kinetic model with a high R2
value (R2 = 0.9946).
3.7. Thermodynamics of sorption
The study of thermodynamic assumes that the energy in an iso-
lated system cannot be lost or gained when the entropy change
is the driving force. Thermodynamic parameters were calcu-
lated for determination of sorption process that either occurs
spontaneously or not. The change in free energy (DG), enthal-
py (DH) and entropy (DS) of sorption process was calculated
by using the following equations:
KD ¼ qe
Ce
ð17Þ
DG ¼ RTInKD ð18Þ
InKD ¼ DG

RT
¼ DH

RT
þ DS

R
ð19Þ
where KD is the distribution constant, qe is the amount of me-
tal ion sorbed (mg g1) at equilibrium and Ce is the equilib-
rium concentration (lg mL1).
The values of lnKD were plotted against 1/T. The results are
shown in Fig. 13. The values of KD, DG, DH and DS for
sorption of Ni (II) on waste tea leaves were calculated using10.0
10.4
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12.0
0.0027 0.0028 0.0029 0.003 0.0031 0.0032 0.0033
ln
K
D
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Figure 13 Plot of lnKD versus 1/T for estimation of thermody-
namic parameters for Ni (II) sorption on waste tea leaves (Initial
concentration of Ni (II) 5 lg mL1, pH 7.0, sorbent dose 0.13 g,
volume of Ni (II) solution 10 mL).Eqs. (17)–(19) and are given in Table 3. The negative value ob-
tained for enthalpy change (DH) indicated an exothermic
sorption process. The positive value of entropy (DS) showed
the afﬁnity of waste tea leaves for Ni (II) whereas the negative
value of DG showed that the sorption process is spontaneous
at the studied temperature range.
3.8. Effect of interfering ions
The effect of some interfering ions relevant to wastewater e.g.
alkali and alkaline earth metals, Na+, K+, Mg2+ and Ca2+
on the sorption of Ni (II) at optimum conditions was investi-
gated. The sorption studies were conducted by adding
5 lg mL1 of Na+, K+, Mg2+ and Ca2+ and mixture of these
ions separately, in 5 lg mL1 of Ni (II) solution containing
0.13 g of waste tea leaves (Fig. 14). The results indicate that
the presence of these interfering ions in solution have no pro-
nounced effect on the sorption of Ni (II) using waste tea leaves.
The effect of concentrations of these interfering ions on
sorption of Ni (II) at optimum conditions were also conducted
by adding the concentrations of these ions in the range of 10–
70 lg mL1 to a ﬁxed concentration of Ni (II) (5 lg mL1) and
biomass (0.13 g). From the result in Fig. 15, it was observed
that upto 70 lg mL1 concentrations of these ions have no ef-
fect on the sorption of Ni (II) using waste tea leaves.
3.9. Analytical applications
The analytical applicability of waste tea leaves were tested for
tap water and different river water samples collected from0.0
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Figure 14 Effect of interfering ions on sorption of Ni (II) using
waste tea leaves (initial concentration of Ni (II) 5 lg mL1,
concentration of interfering ions 5 lg mL1, pH 7.0 at room
temperature, sorbent dose 0.13 g).
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Figure 15 Effect of interfering ions concentration on sorption of
Ni (II) using waste tea leaves (initial concentration of Ni (II)
5 lg mL1, concentration of interfering ions 10–70 lg mL1, pH
7.0 at room temperature, sorbent dose 0.13 g).
Table 4 Determination of Ni (II) in various water samples.
Ni (II) added (lg) Ni (II) adsorbed (lg) % Removal
Tap water
0.00 0.00 –
100 100.00 100
300 300.00 100
500 500.00 100
River Badabaira, Peshawar
0.00 0.00 –
100 100.00 100
300 300.00 100
500 500.00 100
River Swat, Charsadda
0.00 0.00 –
100 100.00 100
300 300.00 100
500 500.00 100
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fore conduction of analysis with ordinary ﬁlter paper. An
aliquot of 20 mL water sample was spiked with known concen-
tration of Ni (II) at pH 7.0. The spiked sample was shaken
with 0.50 g waste tea leaves on an orbital shaker for 60 min
at 100 rpm. Each experiment was conducted in triplicates.
The mixture was ﬁltered and the residual concentrations of
Ni (II) were determined by ﬂame atomic absorption spectro-
photometer. The results are given in Table 4 and show that
100% removal of Ni (II) from water samples achieved with
waste tea leaves as a sorbent.
4. Conclusion
Surface modiﬁcation of sorbent has been used to enhance the
sorption capacity of sorbents. In the present study formalde-
hyde treated waste tea leaves were found good sorbent for
the removal of Ni (II) from aqueous solution with no leaching
of organic into solution. The removal of Ni (II) was higher atpH 7. The sorption rate was rapid in the beginning and then
remains constant. The sorption data ﬁtted to pseudo second
order kinetic model. The Lanhmuir isotherm ﬁt the experimen-
tal data with monolayer sorption capacity of 120.50 mg g1.
The effect of some common alkali and alkaline earth metal
ions were also studied which showed that the presence of these
ions have no effect on the sorption of Ni (II). The results
showed that waste tea leaves have the potential to be used as
a low cost sorbent for the removal of Ni (II) from aqueous
solutions as alternative to conventional sorbents.
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